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Effect of Timber Harvesting Techniques and Slopes on
Soil Respiration of Young and Mature Black Pine Stands
in Northwestern Turkiye
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Releases of CO2 from forest soils was studied relative to different timber
harvesting techniques, slope classes, and stand age. Three timber
harvesting techniques (suspended skidding (SS), skidding by using a
skidding cone (SC), and cable-pulling (CP)) were used in young and
mature black pine stands at three different slopes (0 to 20% - S1, 20% to
33% - S2, and > 33% - S3). Soil respiration measurements were carried
out at five-day intervals (1%, 5%, and 10" day) and 6 months later after the
timber harvesting techniques. The soil respiration increased on the first
day, decreased on the 5" and 10" days, and reached its lowest level on
the 6th month. The SC technique in the young stands showed the highest
soil respiration value on the slopes indicating that the cone placed on the
head of the log during the skidding operations does not deform the soil. In
the mature stands, all timber harvesting techniques and the undisturbed
sites showed lower values than in the young stands on the S1. On the S2,
mean value was higher in the mature stands. In contrast to the young
stands, the undisturbed stands had the highest soil respiration.
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INTRODUCTION

Forests provide various ecosystem services, including wood, food, biodiversity,
habitat, regulating water resources, and recreational opportunities (Duncker et al. 2012;
Ding et al. 2016; Huang et al. 2020). Given these benefits, forest resources should be
managed according to the principles of precision forestry to meet the needs of present and
future generations. Precision forestry aims to achieve the optimal yield from forest
resources while minimizing environmental damage. This can be achieved through modern
techniques and technological tools to inform economic, environmental, and sustainable
decisions in forestry studies (Akay et al. 2014; Gllci et al. 2015). While modern forest
vehicles such as skidders are widely used in developed countries, they are not widely used
in Tarkiye yet. Skidders collect, extract, and transport wood from the stand. They load
wood onto road trailers or trucks. Due to these features, they are quite practical, fast, and
ergonomic. In addition, by using machine systems in the length-cut harvesting method,
trees can be processed in the stand, and branches and tops can be left on the ground. In this
way, soil disturbance can be seen less.
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However, skidders are not suitable for use in wet areas and areas with a slope of >
30%. At this stage, in areas with higher slopes and extraction distances longer than 150 m,
the use of cable will cause less damage to the environment and soil. At the same time, wood
can be transported without quality and quantity losses. The production processes employed
in the exploitation of forest resources can also have a detrimental impact on the
sustainability of these resources, resulting in the degradation of soil properties (Bergner et
al. 2010; Mastrolonardo et al. 2015; Yang et al. 2019). A damaged soil system can result
in long-term and potentially irreversible damage to the ecosystem, affecting forest
productivity. In particular, the use of heavy machinery during the production process,
including the transportation, cutting, skidding, pushing, and lifting of logs, can result in
significant losses of forest cover and cause notable alterations to the properties of the top
and bottom soil (Enez et al. 2016).

Soil compaction, typically the most apparent consequence of skidding, enhances
soil strength, restricts gas diffusion, and impairs root growth and microbial activity (Gomez
et al. 2002). This, in turn, affects and delays the physiological and growth characteristics
of seedlings and trees. Soil respiration, which is also a result of microbial activity,
comprises the largest source of global terrestrial CO2 efflux (Subke and Bahn 2010). In this
context, it is also essential to assess the impact of interventions on forests on the change in
carbon storage (IPCC 2013; Zhou et al. 2016). Consequently, the impact of production
activities on the sustainability and stability of forest soil is significant, as they have the
potential to influence physical, chemical, and biological characteristics (Decocq et al.
2004; Diaz-Maroto and Vila-Lameiro 2008). The extent and degree of soil deformation in
production operations with skidders is variable and it is related to the number of tractors
passes, harvesting technique, and the heaviness of the machinery (Cambi et al. 2015, 2017;
Picchio et al. 2019), slope, tree type, soil texture, and soil moisture content (Naghdi and
Solgi 2014).

Pilli et al. (2015) emphasized that production works provided more effective carbon
management in the long term as the efficiency per unit area increased. Nevertheless,
implementing harvesting, transportation, and timber harvesting operations result in the
outflow of biomass from ecosystems. Furthermore, the decomposition of harvesting
residues occurs faster than that of living biomass. Additionally, the management of solid
waste storage contributes significantly to the carbon balance. Consequently, given that
carbon sequestration is a long-term process, the time factor must also be considered when
estimating the amount of carbon. In their study, Cheng et al. (2023) identified several
factors that influenced the production of CO2 in soil, including soil temperature and
humidity, soil organic matter quality and quantity, root and microbial biomass, root
nitrogen content, and soil’s physical and chemical properties. Yashiro et al. (2008)
observed no discernible distinction between production and non-production areas
regarding COz2 flux from the soil. However, soil temperature was generally higher in non-
harvesting areas than in harvesting areas. Hartmann et al. (2014) found considerable
variability in CO2 flux depending on the level of compaction in loamy soil in a forest
dominated by Fagus sylvatica and Picea abies Their findings indicated that, in contrast to
severe compaction, moderate compaction increased CO2 emissions, probably due to
increased microbial mineralization of newly exposed organic matter with sufficient oxygen
supply. Goutal et al. (2013) studied the effect of compaction resulting from heavy
machinery production activities on soil respiration. As a result of their study, they found
that the amount of COz initially increased due to the soil compaction and then decreased. In
their study, Cambi et al. (2015) posited that soil compaction facilitated the formation of
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anoxic (oxygen-free) conditions, thereby suppressing soil respiration and promoting the
production and release of the potent greenhouse gas methane into the atmosphere.
Magagnotti et al. (2012) noted that the concentration of CO:2 doubled during maintenance
work on loamy, sandy soil, where Mediterranean pine plantations persisted, with values
ranging from 0.4% to 0.8% by volume in machine tracks. Gaertig et al. (2002) found that
compacted soil portions exhibited CO2 concentrations up to three times higher than the
control and that root density decreased significantly with decreased soil gas permeability.
Ampoorter et al. (2010) observed in a Belgium skidding study that after a single skidding
cycle, the CO2 concentration was significantly higher within and between wheel tracks, in
contrast to soil volume weight and compaction. They conclude that this result indicates that
CO2 concentration is a more sensitive indicator than soil compaction, as it is affected by
soil water content and temperature.

Although, the effects of timber harvesting operations on soil and stand structure
have been intensively investigated in Tirkiye (Emir 2020; Eker 2020; Tas et al. 2023) the
effects of timber harvesting operations on soil respiration in terms of affecting soil quality
have received less attention. Therefore, we set up a study to investigate the effects of timber
harvesting operations on soil respiration in skid trails located in the north of Tlrkiye. The
soil respiration was measured as CO: flux from the surface soil using a LICOR 8100 gas
analyzer (IRGA).

To ascertain the impact of different clearing techniques on soil respiration, the
effects of three timber harvesting techniques (suspended skidding (SS), skidding by using
a skidding cone (SC), and cable-pulling (CP)) were evaluated across three slope classes (0
to 20% (S1), 20% to 33% (S2), and > 33% (S3)). The temporal change of soil respiration
on the first 10 days (1% day, 5" day, and 10" day) and 6™ month following the clearing
operations were also determined.

EXPERIMENTAL

Study Area

This study was carried out in young and mature black pine (Pinus nigra) stands
situated on three different slopes (S1: 0 to 20%; S2: 20% to 33% and S3: > 33%) in Akkaya,
Karadere, Kastamonu (Fig. 1) (41° 12' 00" - 41° 21' 29" N, 34° 01' 15" - 34° 10' 00" E).
Akkaya Forest Sub-District Directorate was within the border of Kastamonu province in
the Western Black Sea Region. The general size of the study area was 12693.1 ha, of which
forest areas covered 9590.5 ha and the open areas were 3102.6 ha. The altitude of the study
area ranged from 810 m to 1705 m. The Akkaya Forest Sub-District Directorate was within
the “Western Black Sea Climate Region” as a climate region. It was located in the transition
zone between the Central Anatolian continental region of TUrkiye and the Black Sea humid
temperate climate zone. The soil type was brown forest soil. The parent material had a
schist rock type.

The study area is forests with a production function. Here, old stands are between
60 and 80 years old. Black pine stands are taken to rejuvenation at approximately 120 years
old. Therefore, this area has not yet been taken to rejuvenation and no dead trees were seen.
Young stands are generally are between 40 and 60 years old.
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Fig. 1. Location of study area

Methods
Experimental design and soil respiration measurements

Three different timber harvesting techniques were used in the study sites as (1)
suspending skidding (SS), (2) cable pulling (CP), and (3) skidding by using a skidding cone
(SC) (Fig. 2). For the SS technique, the tractor entered the compartment, and the log was
connected to the drum. The log was pulled approximately 50 m up the slope from where it
was pulled, leaving the end of the log suspended. In the SC technique, the logs were
skidded with a cable by attaching a skidding cone to the log. The tractor was positioned
outside the compartment where the pulling was intended to end, and the logs were pulled
with the cable from where the pulling started to where the pulling ended, with the entire
log touching the ground. In the CP technique where the cable was connected to the tractor,
the tractor was outside the compartment, and the whole log was skidding over the slope
with the help of the rope by touching the ground without using a skidding cone (Ozer Geng
2020) (Fig. 2).
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Fig. 2. Schematic representation of the three timber harvesting techniques

The techniques were used in young and mature black pine stands situated on 0 to
20% (S1), 20% to 33% (S2), and > 33% slope (S3) according to IUFRO slope classes. The
characteristics of the study sites are shown in Table 1. With the SS technique, the skidding
operations cannot be used over the S3 class. For that, the SS technique was only used for
the S1 and S2 slope classes. The CP technique can be used over the slopes of 20%.
Therefore, the CP was only used for the S2 and S3 slope classes. The SC technique can be
used for slope classes, so it was used for the S1, S2, and S3 slope classes.

Table 1. Characteristics of the Study Sites

Timber Harvesting o
Technique Stand Age Slope Class (%)
No timber harvesting Young S1, S2, and S3
undisturbed sites (C) Mature S1, S2, and S3
: - Young S1, 82
Suspending skidding (SS) Mature s1 s2
. Young S2,S3
Cable pulling (CP) Mature 52 53
Skidding by using a skidding Young S1, S2, and S3
cone (SC) Mature S1, S2, and S3

The timber harvesting operations were applied in six lines that were parallel to each
other, and there was at least one tree length among them (Fig. 2). The lengths and diameters
of the logs were measured using meters and diameter gauges. At least 10 log passes were
made uphill on each skidding trail in the fields. Before the timber harvesting operations
were started, soil respiration, temperature, and humidity were measured at two different
points in the undisturbed sites of the six different study plots. A total of 24 soil
measurements (2 stand age x 3 slope classes x 2 different point x 2 replicates) were
obtained for the undisturbed site (Fig. 3).
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Soil respiration (COz), moisture content, and temperature were measured on the six
lines and two different points on the post-skidding trail with two replicates on 1%, 5", and
10" days, and after 6 months. The skidding operations were carried out in May, June (1%,
5t and 10" day), and November (6 month).

After the timber harvesting operations, a total of 32 soil respirations were measured
for the SS technique, 16 for the CP technique and 24 for the SC technique (Fig. 3).
Including the undisturbed site measurements, a total of 96 soil respiration measurements
were carried out in the field.

@) (b) (c)

Fig. 3. Soil respirations were carried out in the undisturbed sites (a) and after the timber
harvesting operations (b); The skid trails scarified the soil surface (c)

Fig. 4. LI-8100 LICOR was used to measure soil respiration on the skidding trail
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The soil respiration was measured using the L1-8100 console (Li-Cor, Inc.; Lincoln,
NE, USA) in conjunction with an 11-cm diameter and 5-cm-high CO2 flow hood,
specifically designed to be positioned directly on the soil (Fig. 4). This apparatus was used
to determine soil respiration, with measurements of the CO:2 generated at soil
surfaces using a portable gas analyzer (Li-Cor, Inc.; Lincoln, NE, USA). The chamber was
pressed approximately 3 cm below the soil surface to prevent air leaks. The changes in CO2
concentration were then determined in 2 min measurements. Measurements were taken
between 10:00 and 15:00 in each study area. CO2 values were expressed as pmol m2 s,
At the same time as measuring soil respiration, soil temperature and moisture were also
recorded using an Li-8100-201 thermo probe and a moisture probe placed at a depth of 10
cm close to the soil respiration chamber.

Statistical Analyses

A three-way ANOVA (analysis of variance) was used to determine the effects of
stand age and slope classes on soil respiration, temperature, and moisture content after the
timber harvesting techniques in relation to time (1%, 5, 10" days, and 6" month). The
Tukey test was utilized to identify combinations exhibiting significant discrepancies at the
P < 0.05 significance level. Subsequently, ANOVA (one-way ANOVA) was employed to
ascertain the disparity in the impact of disparate compartmentalization techniques on the
time-dependent alterations on soil respiration values across areas exhibiting comparable
land characteristics. The interrelationships between soil respiration, temperature, and
moisture were evaluated using Pearson correlation test. All statistical computations were
carried out using the SPSS version 20 software (SPSS Inc, Chicago Illinois, USA).

RESULTS

Variation in soil respiration of young and mature stands with time after the timber
harvesting techniques on the S1 slope are shown in Fig. 5. In the young stands, on the 1%
day measurements, the SC had the highest soil respiration (20.8 pmol m2s™), followed by
SS-log track (11.1 umol m2 s™), the undisturbed site (9.7 pmol m2s™'), and the SS-wheel
track (9.6 umol m2 s™"), which were similar to each other. In the mature stands, all timber
harvesting techniques and undisturbed site showed lower soil respiration than in the young
stands. The undisturbed site had the highest soil respiration (12.0 umol m2 s™'), followed
by the SC (10.7 pmol m2 s™'), SS-log track (9.6 umol m2 s'), and SS-wheel track (8.8
pumol m2s™).

On the 5™ day measurements, both in the young and mature stands, the soil
respiration showed a sharp decrease. In the young stands, SS-log track and SC techniques
had similar soil respiration, but the undisturbed site and SS- wheel track had different; 3.94
pumol m2 s7! for the SS-lock track and 3.59 uymol m s7! for the SC, 2.81 umol m2 s™' for
the undisturbed site, and 1.47 pmol m2 s™! for the SS-wheel track. In the mature stands,
however, the undisturbed sites had the highest (5.4 pmol m2s™!) soil respiration compared
to all timber harvesting techniques, which were similar to each other (about average 1.77
pumol m2s™).

On the 10" day, both in young and mature stands, soil respiration had an increase
for all timber harvesting techniques and the undisturbed sites, except for the SS-log track
technique in the mature stands. In the young stands, the SC had the highest soil respiration
(9.04 umol m2 s7!, followed by SS- log track (5.60 umol m s! ) and undisturbed site
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(3.93 umol m2s' ) and SS-wheel track (3.52 pmol m2 s™'), while in the mature stands,
soil respiration was highest for the SS-wheel track (7 pmol m2 s!), followed by
undisturbed site (6.03 umol m2s'), SC (2.77 umol m2s™'), and SS-log track (0.93 pmol
m2st).

After 6 months, there was again a sharp decrease in soil respiration both in young
and mature stands for all timber harvesting techniques and undisturbed site, which were
similar to each other.

(a) Young (b) Mature
Control Control
25 SS- Wheel track 14 SS-Wheel track
be SS- Log track 12 aB SS-Log track
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Fig. 5. Variation in soil respiration of young (a) and mature (b) stands with time after the timber
harvesting techniques on the S1 slope. The different capital letters show that soil respiration varied
significantly with time, while the different small letters show that soil respiration varied significantly
among the timber harvesting techniques and undisturbed site on each time.

Variation in soil respiration of young and mature stands with time after the timber
harvesting techniques on the S2 slope is shown in Fig. 6. In the young stands, on the 1%
day measurements, the undisturbed site had the highest soil respiration (10.3 pmol m2s™),
followed by the SS-wheel track (9 pmol m2 s™!), SC (8.23 umol m2s!), CP (7.47 pumol
m2s'), and SS-log track (6.59 umol m2 s™'). In the mature stands, all timber harvesting
techniques showed higher soil respiration than in the young stands. The SC had the highest
soil respiration (14.3 umol m2 s™!), followed by the CP (10.7 umol m2 s™'), undisturbed
site (10.6 umol m2 s?), SS-log track (9.75 pmol m2s™!), and SS-wheel track (9.42 pumol
m2st).

On the 5™ day measurements, both in the young and mature stands, the soil
respiration showed a sharp decrease. In the young stands, all timber harvesting techniques
and undisturbed site had similar soil respiration; 5.08 umol m2 s™! for CP, 3.69 umol m2
s! for the SS-wheel track, 3.35 pmol m2 s for the SC and 2.895 umol m2 s™! for the
undisturbed site, and 1.75 pmol m2 s™! for the SS-log track. In the mature stands, however,
the SS-log track had the lowest (1.02 pmol m2 s™') soil respiration compared to all timber
harvesting techniques, followed by undisturbed site (3.7 pmol m2s!), SC (3.24 pmol m2
s1), the SS-wheel track (3.08 umol m2 s!), and CP (2.68 pmol m2s™).

On the tenth day, in young stands soil respiration had a decrease for all timber
harvesting techniques with the exception of the undisturbed site (3.85 pmol m2s™!), while
soil respiration had an increase for all timber harvesting techniques in the mature stands.
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In the young stands, the SS-log track (1.62 pmol m™2 s!) was lower than all techniques,
followed by SS-wheel track (2.92 umol m2 s!), SC (2.93 umol m2 s!), and CP (2.96
pumol m~2 s7'), which were similar to each other. In the mature stands, soil respiration was
highest for the CP (11.8 pmol m2 s™'). The SC (7.04 umol m2 s™'), SS-wheel track (5.43
pumol m2 s7'), undisturbed site (4.03 umol m2 s™'), and SS-Log track (2.26 ymol m2 s™)
were similar to each other.

After the 6 months, there were decreases in the young stands, but the undisturbed
site was higher than all timber harvesting techniques. In mature stands, there was a sharp
decrease in soil respiration for all timber harvesting techniques and the undisturbed sites.
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Fig. 6. Variation in soil respiration of young (a) and mature (b) stands with time after the timber
harvesting techniques on the S2 slope. The different capital letters show that soil respiration varied
significantly with time, while the different small letters show that soil respiration varied significantly
among the timber harvesting techniques and undisturbed site on each time.
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Variation in soil respiration of young and mature stands with time after the timber
harvesting techniques on the S3 slope are shown in Fig. 7. In the young stands, on the first
day measurements, the SC had the highest soil respiration (11.3 pmol m2s™'), followed by
the undisturbed site (8.53 pmol m™2 s!) and the CP (5.34 umol m2 s™'), which was the
lowest. In the mature stands, the undisturbed site showed higher soil respiration than in the
young stands while both techniques had lower soil respiration than in the mature stand. The
undisturbed site (9.70 umol m2 s™') and SC (8.42 umol m2 s7!) had higher soil respiration
than CP (5.12 umol m™2 s™') for the mature stands.

On the 5™ day measurements, both in the young and mature stands, the soil
respiration showed a decrease. In the young stands, all timber harvesting techniques and
undisturbed site had similar soil respiration, 3.67 umol m2 s™! for the undisturbed site, 4.39
pmol m2 s for the SC, 2.94 umol m2 s™! for the CP. However, in the mature stands, the
undisturbed sites had the highest soil respiration (6.64 pmol m s™') followed by SC (3.81
umol m2 s ') and CP (1.47 umol m2s™).

On the 10" day, both in young and mature stands, CP had an increase while SC had
a decrease. In the young stands, the CP (3.37 umol m2 s™!) and undisturbed site (3.77 pmol
m2s!) had higher soil respiration than SC (1.38 pmol m2 s™!), while in the mature stands,
soil respiration was highest for the undisturbed site (4.68 umol m2 s!) followed by SC
(3.39 pmol m2s7*) and CP (3.15 umol m2 s7!), which were similar to each other.

After the 6 months, there were a small decrease in soil respiration both in young
and mature stands for all timber harvesting techniques and the undisturbed site, except for
SC in the young stands.
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Fig. 7. Variation in soil respiration of young (a) and mature (b) stands with time after the timber
harvesting techniques on the S3 slope. The different capital letters show that soil respiration varied
significantly with time, while the different small letters show that soil respiration varied significantly
among the timber harvesting techniques and undisturbed site on each time.

Table 2 shows the mean, F-values, and differences in soil respiration between stand
ages, slopes, and timber harvesting techniques at 1%, 5, and 10" days, and after 6 months.
Soil respiration shows statistical differences depending on time in young and mature
stands. Similarly, it was determined that the difference between the techniques applied at
the time of measuring soil respiration was statistically significant (P < 0.05) (Table 2).
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Table 2. Three-way ANOVA Comparison of Soil Respiration for Stand Ages
According to Timber Harvesting Techniques, Slope Class, and Measurement

Time

Soil Respiration

S £ Vari Young Mature
ource of Variance df = P df MS P
Technique 27,605*** 0.000 32.896*** 0.000
Slope 56.858*** 0.000 30.542%* 0.001
Day 3 516.214*** 0.000 3 523.959*** 0.000
Technique * Slope 5 33.968*** 0.000 5 23.330%*** 0.000
Technique * Day 12 12.709*** 0.000 12 18.759*** 0.000
Slope * Day 6 25.043*** 0.000 6 22.148*** 0.000
1 * *
TeCh”'qggy Slope* |15 10,873+ 0.000 = 15 | 5704ns | 0.161
Error 142 2.297 144 4,113

There was no significant difference between the 5" day and the 10" day of soil
respirations, while there was a significant difference between the other days in young
stands. In mature stands there was a significant difference between all measurement times

(Table 3).

Table 3. Soil Respiration Variable According to Measurement Times

Young
Measurement Times 1st day 5t day 10t day 6 months
1day - *%x% *%k% *%k%
5.days ok - ns *kk
10.days *rx ns - o
6m0nth5 *k%k *k%k *k%k -
Mature
15t day 5" day 10" day 6 months
1day - *k%k *k%k *k*k
5days *k%k - *k%k *
10 X d ays *k% *k%k - *k%k
6.months xkk * Fkk -

It was determined that there was a significant difference between the slope classes
with the exceptions of S2 and S3 in young stands. However, in mature stands there was
only a significant difference between S2 and S3 while there was no difference between the
other slope classes (Table 4).

Table 4. Soil Respiration Variable According to Slope Classes

Young
Slope Classes S1 S2 S3
Sl - *kk *kk
S2 ok - ns
S3 *kk ns _
Mature
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Slope Classes S1 S2 S3
S1 - ns ns
S2 ns - *
S3 ns * -

The influence of moisture and temperature on soil respiration was evaluated by
Pearson correlation analysis (Table 5). The correlation test results indicated no significant
relationship between soil respiration and temperature at the 95% confidence level for the
young and mature stands (P > 0.05). However, a significant relationship existed between
soil respiration and soil moisture for both stands at the 95% confidence level (P < 0.05).

Table 5. Pearson Correlation Results Showing the Relationship Between Soill
Respiration, Temperature, and Humidity for Stand Ages

Variables Soil Soil Sail
Respiration | Temperature | Moisture
Young Soil Respiration 1 0.025 0.524**
Soil Temperature 0.025 1 0.053
Soil Moisture 0.524** 0.053 1
Mature Soil Respiration 1 0.124 0.453**
Soil Temperature 0.124 1 0.013
Soil Moisture 0.453** 0.013 1

** The correlation is significant at the 0.01 (P < 0.01) significance level
* The correlation is significant at the 0.05 (P < 0.05) significance level

DISCUSSION

Mean soil respiration values in the current study ranged between 1.87 and 12 pmol
m2 s! in the undisturbed sites. After the timber harvesting, mean soil respiration values
differed between 0.93 and 20.8 umol m2 s! during a 6-month period. These results
indicated that the values in the young Pinus nigra stands were higher than in the mature
Pinus nigra stands, both in the undisturbed sites and after the timber harvesting. The
highest respiration value was seen with the SC method in the young stands, while the
lowest respiration value was found with the CP and SS methods in the mature stands.

Shabaga et al. (2015) found that carbon emission was between 1.1 and 1.9 pmol
m 2 s ! at the undisturbed sites in mixed coniferous forests and ranged from 1.5 to 3.5 umol
m 2 s after the timber harvesting. A similar study conducted by Cater and Simon¢i¢ (2021)
for beech, spruce, and fir forests showed that soil CO2 flux in the undisturbed sites ranged
between 4.9 and 8.6 umol m2 s™'. They noted that mean soil respiration on the harvested
area was in all cases higher than the undisturbed site during the whole period. However,
they found that the differences between the harvested area and the undisturbed sites
gradually decreased over time. When the stands were compared among the different
dominant species, the highest soil respiration values were seen in beech stands.

Bereczki et al. (2024) compared the soil respiration values between young and
middle-aged oak stands, and they concluded that respiration values varied between 0.6 and
1.0 pmol m~s™" in the young stands, and between 0.58 and 1.31 pmol m2 s in the middle-
aged stands. They stated that the middle-aged oak stands had higher respiration values than
young oak stands.
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It is concluded that the differences between the results of soil respiration values
could be attributed to the differences in tree species, slope classes, stand age, timber
harvesting methods, measurement time, and climate variability.

In this study, generally, mean soil respiration values decreased over time in all
timber harvesting techniques applied in the young and mature stands. The lowest
respiration values were seen on the 6 month. The SC technique in the young stands
showed the highest soil respiration value on the slope classes indicating that the cone
placed on the head of the log during the skidding operations with a cone does not deform
the soil and instead results in a softer drift by ventilating the soil. Xu et al. (2011) noted
that soil respiration declined post-harvest but showed signs of recovery in areas with less
intensive harvesting methods over a five-year period.

In the mature stands, all timber harvesting techniques and undisturbed showed
lower soil respiration than in the young stands on the S1 slope, whereas on the S2 slope,
mean soil respiration was higher in the mature stands and no differences between the young
and mature stands on the S3 slope. In contrast to the young stands, the undisturbed stands
had the highest soil respiration. Similarly, Allman et al. (2016) found that CO:
concentration was high in the undisturbed stand.

Babur and Dindaroglu (2020) found a significant decrease in microbial biomass
with the loss of organic carbon in the soils of the skidded areas. They attributed this
decrease to the loss of organic matter and moisture in the soil, which are the most critical
parameters for the life of soil microorganisms. It is shown that microbial respiration can
directly influence the growth and development of all plants in terrestrial ecosystems, as it
affects all soil organic matter and other microbial parameters (Winding et al. 2005; Riutta
et al. 2021; Mahmoodi et al. 2023). Similarly, Naghdi et al. (2015) emphasized that
equipment type, traffic intensity, and slope gradient had strong effects on the physical
properties of the soil. In the S1 and S3 slope class, the SC technique increased soil
respiration compared to the undisturbed group on 1st day. However, when the soil
respiration values after the 6 months were analyzed, it is evident that there was no
significant difference between the undisturbed group and the techniques. In the S2 slope
class, all techniques exhibited a reduction in soil respiration values compared to the
undisturbed group. It was noted that respiratory values tended to increase towards the 10"
day, but again decreased and reached the lowest level on the 6™ month.

It was seen that the soil respiration values of the undisturbed group were higher
than those of the other techniques after removing the S1 and S3 slope classes in the mature
stand age. This indicated that the soil respiration decreased due to the interventions, with
the decrease continuing for the 1% and 5" day. Towards the 10" day, the soil respiration
slightly increased, yet soil respiration values reached their lowest point after the 6! month.
While there was no difference between the respiration values on the 1%t and 10" days in all
of the techniques, the homogeneous group exhibited the lowest respiration values on the
5t day and 6" month. In the S2 slope class, while the SC technique demonstrated an
increase in soil respiration values on the 1% day of the removal process, no significant
difference was found between the undisturbed and other techniques. A decline in soil
respiration values was seen from the 5" day onwards in all removal techniques, with an
increase in respiration values observed from the 10" day onwards. At the end of the 6"
month, the soil respiration values decreased and reached the lowest level compared to the
1% day. After 6 months, it was noted that there was no statistically significant difference
between the undisturbed group and the timber harvesting technique groups. Similarly,
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Yashiro et al. (2008) reported no change in the amount of CO: after one year the harvesting
operation.

Among the various environmental factors, soil moisture has been shown to
influence soil biological activity (Setdld et al. 2023). As evidenced by production
studies, Nilsen and Strand (2008) showed that soil compaction influenced soil respiration
by directly affecting soil moisture, temperature, biomass, and stand cover. Makineci et al.
(2007) found that the moisture content values were 21.2% in the skidding road and 27.2%
in the undisturbed site. Similar to the current results, previous studies indicated that soil
compaction increased and soil moisture values decreased when samples from skidding
trails were compared with those from undisturbed sites (Croke et al. 2001; Demir et al.
2007; Kiumarsi et al. 2024). The current study demonstrated that the variations in soil
moisture resulting from timber harvesting operations impact soil respiration values. In a
study conducted in a beech forest by Coletta et al. (2017), soil respiration rates were
measured under different harvesting methods. The innovative method resulted in a soil
respiration rate of approximately 5.62 umol m2 s™' immediately after harvesting, while
traditional methods showed a rate of 4.53 pmol m™2 s™'. This suggests that innovative
techniques may temporarily enhance soil respiration compared to traditional methods.

Itis considered that the results of this study will enable correct decisions to be made
in determining the timber harvesting technique suitable for the technical structure of the
land and it can make great contributions to the popularization of the use of the appropriate
technique in skidding operations for Turkish forestry. It will be an exemplary application
for sensitive forestry studies by determining area-appropriate techniques that will reduce
the damage to the ecosystem due to timber harvesting works.

This study, which is considered to be an exemplary application for sensitive forestry
studies, can contribute to many scientific studies in the field of forestry within the scope of
environmental sensitivities by revealing the effect on soil respiration by applying different
skidding operations. Considering these precisions, the use of skidding cones in skidding
operations will be beneficial for the implementation of environmentally friendly forestry
operations.

CONCLUSIONS

1. Inforestry, the harvesting of timber was found to profoundly impact soil quality. The
effect appeared to be mainly related to compaction. Thus, soil respiration (COz2 flux),
which is sensitive to compaction, can be employed as a crucial criterion for assessing
soil quality. On the other hand, it was possible to observe some variations in soil
respiration values with the measurement time, as daily changes in air or soil
temperature and moisture can have a significant impact on CO2z emissions from soil
microorganisms and roots. Daily variations in temperature and moisture during the
measurement periods may cause significant fluctuations in soil respiration.

2. Based on 6™ month respiration values, the use of skidding cones (SC) in areas has a
positive effect by increasing the soil respiration, so the SC technique is generally the
recommended technique. However, the suspended skidding (SS) and cable-pulling
(CP) without cones techniques increase soil compaction and result in a decrease in
soil respiration. Therefore, it is concluded that they are not suitable for the timber
harvesting in the black pine stands as the resulting deformation causes the soil quality
to decrease.

Geng et al. (2025). “Timber harvest & soil respiration,” BioResources 20(1), 2038-2055. 2051



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

ACKNOWLEDGMENTS

The authors thank TUBITAK for this research support and fund under project no
“1002-2220320".

REFERENCES CITED

Akay, A. E., Sert, M., and Giilci, N. (2014). “Efficiency evaluation of timber harvesting
work using a gasoline-powered hand winch on slightly sloping terrain,” in: 11
National Forest and Environment Symposium, Isparta, Turkiye, pp. 281-290.

Allman, M., Jankovsky, M., Messingerova, V., and Allmanova, Z. (2016). “Changes of
carbon dioxide concentration in soils caused by forestry machine traffic,” Central
European Forestry Journal 62(1), 23-28. DOI: 10.1515/forj-2016-0003

Ampoorter, E., Van Nevel, L., De Vos, B., Hermy, M., and Verheyen, K. (2010).
“Assessing the effects of initial soil characteristics, machine mass and traffic intensity
on forest soil compaction,” Forest Ecology and Management 260(10), 1664-1676.
DOI: 10.1016/j.foreco.2010.08.002

Babur, E., and Dindaroglu, T. (2020). “Seasonal changes of soil organic carbon and
microbial biomass carbon in different forest ecosystems,” in: Environmental Factors
Affecting Human Health, 1. Uher (Ed.), InTechOpen, London, UK, pp. 1-21. DOI:
10.5772/intechopen.90656

Bereczki, K., Toth, E. G., Szili-Kovacs, T., Megyes, M., Korponai, K., Lados, B.

B., lllés, G., Benke, Attila, Kéroly, M., and Marialigeti, K. (2024). “Soil parameters
and forest structure commonly form the microbiome composition and activity of
topsoil layers in planted forests,” Microorganisms 12(6), article 1162. DOI:
10.3390/microorganisms12061162

Bergner, B., Johnstone, J., and Treseder, K. K. (2010). “Experimental warming and burn
severity alter soil CO2flux and soil functional groups in a recently burned boreal
forest,” Global Change Biology 10(12), 1996-2004. DOI: 10.1111/j.1365-
2486.2004.00868.x

Cambi, M., Certini, G., Neri, F., and Marchi, E. (2015). “The impact of heavy traffic on
forest soils: A review,” Forest Ecology and Management 338, 124-138. DOI:
10.1007/978-90-481-2666-8_7

Cambi, M., Hoshika, Y., Mariotti, B., Paoletti, E., Picchio, R., Venanzi, R., and Marchi,
E. (2017). “Compaction by a forest machine affects soil quality and Quercus robur L.
seedling performance in an experimental field,” Forest Ecology and Management
384, 406-414. DOI: 10.1016/j.foreco.2014.11.022

Cater, M., Darenova, E., and Simong¢i¢, P. (2021). “Harvesting intensity and tree species
affect soil respiration in uneven-aged Dinaric forest stands,” Forest Ecology and
Management 480, article ID 118638. DOI: 10.1016/j.foreco.2020.118638

Cheng, C., Zhang, T., Yang, F., Li, Q., Wang, Q., Xu, M., Li., Shengtong, and Wang, H.
(2023). “Effects of thinning on forest soil and stump respiration in a subtropical pine
plantation,” Forest Ecology and Management 531, article ID 120797. DOI:
10.1016/j.forec0.2023.12079

Coletta, V., Pellicone, G., Bernardini, V., De Cinti, B., Froio, R., Marziliano, P. A.,
Matteucci, G., Ricca, N., Turco, R., and Veltri, A. (2017). “Short-time effect of
harvesting methods on soil respiration dynamics in a beech forest in southern

Geng et al. (2025). “Timber harvest & soil respiration,” BioResources 20(1), 2038-2055. 2052


https://doi.org/10.1515/forj-2016-0003
https://doi.org/10.1016/j.foreco.2010.08.002
https://doi.org/10.1111/j.1365-2486.2004.00868.x
https://doi.org/10.1111/j.1365-2486.2004.00868.x

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

Mediterranean Italy,” iForest- Biogeosciences and Forestry 10(3), article 645. DOI:
10.3832/ifor2032-010

Croke, J., Hairsine, P., and Fogarty, P. (2001). “Soil recovery from track construction and
harvesting changes in surface infiltration, erosion and delivery rates with time,”
Forest Ecology and Management 143(1-3), 3-12. DOI: 10.1016/S0378-
1127(00)00500-4

Decocq, G., Aubert, M., Dupont, F., Alard, D., Saguez, R., Wattez-Franger, A., De
Foucault, B., Delelis-dusollier, A., and Bardat, J. (2004). “Plant diversity in a
managed temperate deciduous forest: Understorey response to two silvicultural
systems,” Journal of Applied Ecology 41(6), 1065-1079. DOI: 10.1111/j.0021-
8901.2004.00960.x

Demir, M., Makineci, E., and Yilmaz, E. (2007). “Investigation of timber harvesting
impacts on herbaceous cover, forest floor and surface soil properties on skid road in
an oak (Quercus petrea L.) stand,” Building and Environment 42(3), 1194-1199.
DOI: 10.1016/j.buildenv.2005.11.008

Diaz-Maroto, I. J., and Vila-Lameiro, P. (2008). “Chemical properties and macronutrients
of oak soils in Northwest Spain,” Communications in Soil Science and Plant
Analysis 39(9-10), 1416-1435. DOI: 10.1080/00103620802004193

Ding, H., Chiabai, A., Silvestri, S., and Nunes, P. A. L. D. (2016). “Valuing climate
change impacts on European forest ecosystems,” Ecosystem Services 18, 141-153.
DOI: 10.1016/j.ecoser.2016.02.039

Duncker, P. S., Raulund-Rasmussen, K., and Gundersen, P. (2012). “How forest
management affects ecosystem services, including timber production and economic
return: Synergies and trade-offs,” Ecology & Society 17, article 50. DOI: 10.5751/ES-
05066-170450

Eker, M. (2020). “Assessment on skidding roads and densities,” Turkish Journal of
Forestry 21(4), 396-406. DOI: 10.18182/tjf.824478

Emir, T. (2020). Environmentally Conscious and Productive Use of ATV's in Wood
Timber Harvesting Activities, Doctoral Thesis, Bartin University, Institute of Science
and Technology, Department of Forest Engineering, Bartin, Turkey.

Enez, K., Sariyildiz, T., Savaci, G., and Aricak, B. (2016). “Variation in some soil
properties, organic matter and soil compaction after logging activities,” European
Journal of Forest Engineering 2(2), 82-88.

Gaertig, T., Schack-Kirchner, H., Hildebrand, E. E., and Wilpert, K. (2002). “The impact
of soil aeration on oak decline in southwestern Germany,” Forest Ecology and
Management 159(1-2), 15-25. DOI: 10.1016/S0378-1127(01)00706-X

Gomez, A., Powers, R. F., Singer, M. J., and Horwath, W. R. (2002). “Soil compaction
effects on growth of young ponderosa pine following litter removal in California’s
Sierra Nevada,” Soil Science Society of America Journal 66(4), 1334-1343. DOI:
10.2136/sssaj2002.1334

Goutal, N., Renault, P., and Ranger, J. (2013). “Forwarder traffic impacted over at least
four years soil air composition of two forest soils in northeast France,” Geoderma
193, 29-40. DOI: 10.1016/j.geoderma.2012.10.012

Giilci, N., Akay, A. E., Erdas, O., Wing, M., and Session, J. (2015). “Planning optimum
logging operations through precision forestry approaches,” European Journal of
Forest Engineering 1(2), 56-60.

Hartmann, M., Niklaus, P. A., Zimmermann, S., Schmutz, S., Kremer, J., Abarenkov, K.,
Lascher, P., Widmer, F., and Frey, B. (2014). “Resistance and resilience of the forest

Geng et al. (2025). “Timber harvest & soil respiration,” BioResources 20(1), 2038-2055. 2053


https://doi.org/10.3832/ifor2032-010
https://doi.org/10.3832/ifor2032-010
https://doi.org/10.1111/j.0021-8901.2004.00960.x
https://doi.org/10.1111/j.0021-8901.2004.00960.x
https://doi.org/10.1016/j.buildenv.2005.11.008
https://doi.org/10.18182/tjf.824478
https://doi.org/10.1016/S0378-1127(01)00706-X
https://doi.org/10.2136/sssaj2002.1334
https://doi.org/10.2136/sssaj2002.1334
https://doi.org/10.1016/j.geoderma.2012.10.012

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

soil microbiome to logging-associated compaction,” The ISME Journal 8(1), 226-
244. DOI: 10.1038/ismej.2013.141

Huang, L., Zhou, M., Lv, J., and Chen, K. (2020). “Trends in global research in forest
carbon sequestration: A bibliometric analysis,” Journal of Cleaner Production 252,
article ID 119908. DOI: 10.1016/j.jclepro.2019.119908

IPCC (2013). “Summary for policymarkers. Climate change: The physical science basis.
contribution of working group i to the fifth assessment report of the
intergovernmental panel on climate change,” T. F. Stocker, D. Qin, G. K. Plattner, M.
Tignor, S. K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex, and P. M. Midgley
(eds.), Cambridge University Press, Cambridge, UK, pp. 1-29.

Kiumarsi, F., Jourgholami, M., Jafari, M., Lo Monaco, A., Venanzi, R., and Picchio, R.
(2024). “Restoring soil properties in the Hyrcanian forests from machine induced
compaction: Reforestation of N2-fixing black alder (Alnus glutinosa (L.) Gaertn.),”
Land Degradation & Development 35(6), 2084-2096. DOI: 10.1002/1dr.5045

Magagnotti, N., Spinelli, R., Giildner, O., and Erler, J. (2012). “Site impact after motor-
manual and mechanised thinning in Mediterranean pine plantations,” Biosystems
Engineering 113(2), 140-147. DOI: 10.1016/j.biosystemseng.2012.07.001

Mahmoodi, M. B., Kooch, Y., and Alberti, G. (2023). “Tree species is more effective
than season dynamics on topsoil function and CO2 emissions in the temperate
forests,” Ecological Research 38(1), 134-145. DOI: 10.1111/1440-1703.12364

Mastrolonardo, G., Rumpel, C., Forte, C., Doerr, S. H., and Certini, G. (2015).
“Abundance and composition of free and aggregate-occluded carbohydrates and
lignin in two forest soils as affected by wildfires of different severity,” Geoderma
245-246, 40-51. DOI: 10.1016/j.geoderma.2015.01.006

Naghdi, R., & Solgi, A. (2014). Effects of skidder passes and slope on soil disturbance in
two soil water contents. Croatian Journal of Forest Engineering: Journal for Theory
and Application of Forestry Engineering, 35(1), 73-80.

Naghdi, R., Solgi, A., and Zenner, E. K. (2015). “Soil disturbance caused by different
skidding methods in mountainous forests of Northern Iran,” International Journal of
Forest Engineering 26(3), 212-224. DOI: 10.1080/14942119.2015.1099814

Nilsen, P., and Strand, L. T. (2008). “Thinning intensity effects on carbon and nitrogen
stores and fluxes in a Norway spruce (Picea abies (L.) Karst.) stand after 33
years,” Forest Ecology and Management 256(3), 201-208. DOI:
10.1016/j.foreco.2008.04.001

Ozer Genc, C. (2020). Developing Primer Transportation Plan by Considering the
Effects of Logging Techniques on Forest Soil with Multi Criteria Decision Support
Approach, Doctoral Thesis, Kastamonu University, Institute of Science and
Technology, Department of Forest Engineering, Kastamonu, Turkey.

Picchio, R., Venanzi, R., Tavankar, F., Luchenti, I., Iranparast Bodaghi, A., Latterini, F.,
Nikooy, M., Di Marzio, N., and Naghdi, R. (2019). “Changes in soil parameters of
forests after windstorms and timber extraction,” European Journal of Forest
Research 138, 875-888. DOI: 10.1007/s10342-019-01210-5

Pilli, R., Grassi, G., Vazquez Moris, J. A., and Kurz, W. A. (2015). “Assessing the
carbon sink of afforestation with the Carbon Budget Model at the country level: An
example for Italy,” IForest 8, 410-421. DOI: 10.3832/ifor1257-007

Radford, B. J., Yule, D. F., McGarry, D., and Playford, C. (2001). “Crop responses to
applied soil compaction and to compaction repair treatments,” Soil and Tillage
Research 61(3-4), 157-166. DOI: 10.1016/S0167-1987(01)00194-5

Geng et al. (2025). “Timber harvest & soil respiration,” BioResources 20(1), 2038-2055. 2054


https://doi.org/10.1016/j.jclepro.2019.119908
https://doi.org/10.1002/ldr.5045
https://doi.org/10.1016/j.biosystemseng.2012.07.001
https://doi.org/10.1111/1440-1703.12364
https://dx.doi.org/10.3832/ifor1257-007
https://doi.org/10.1016/S0167-1987(01)00194-5

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

Riutta, T., Kho, L. K., Teh, Y. A., Ewers, R., Majalap, N., and Malhi, Y. (2021). “Major
and persistent shifts in below-ground carbon dynamics and soil respiration following
logging in tropical forests,” Global Change Biology 27(10), 2225-2240. DOI:
10.1111/gcb.15522

Setéld, H., Sun, Z. J., Zheng, J. Q., Lu, C., Cui, M. M., and Han, S. J. (2023). “Loss of
soil carbon and nitrogen indicates climate change-induced alterations in a temperate
forest ecosystem,” Ecological Indicators 148, article ID 110055. DOI:
10.1016/j.ecolind.2023.110055

Shabaga, J. A., Basiliko, N., Caspersen, J. P., and Jones, T. A. (2015). “Seasonal controls
on patterns of soil respiration and temperature sensitivity in a northern mixed
deciduous forest following partial-harvesting,” Forest Ecology and Management 348,
208-219. DOI: 10.1016/j.foreco0.2015.03.022

Subke, J. A., and Bahn, M. (2010). “On the ‘emperature sensitivity’of soil respiration:
Can we use the immeasurable to predict the unknown?,” Soil Biology and
Biochemistry 42(9), 1653-1656. DOI: 10.1016/j.s0ilbi0.2010.05.026

Tas, 1., Akay, A. E., Eker, M., Giimiis, S., Demir, M., Acar, H. H., and Ozdemir, M.
(2024). “Assesment of optimum timber extraction methods using geographic
mformation system-based multi-criteria decision support method,” Forestist 74(2),
article 23069. DOI: 10.5152/forestist.2024.23069

Winding, A., Hund-Rinke, K., and Rutgers, M. (2005). “The use of microorganisms in
ecological soil classification and assessment concepts,” Ecotoxicology and
Environmental Safety 62(2), 230-248. DOI: 10.1016/j.ecoenv.2005.03.026

Xu, J., Chen, J., Brosofske, K., Li, Q., Weintraub, M., Henderson, R., Wilske, B., John,
R., Jensen, R., Li, H., et al. (2011). “Influence of timber harvesting alternatives on
forest soil respiration and its biophysical regulatory factors over a 5-year period in the
Missouri Ozarks,” Ecosystems 14(8), 1310-1327. DOI: 10.1007/s10021-011-9482-2

Yang, Z. J., Chen, G. S,, Liu, X. F., Xiong, D. C., Xu, C., Mary, A. A., Rebecca, L. M.,
Si, S. H.,and Yang, Y. S. (2019). “Loss of soil organic carbon following natural
forest conversion to Chinese fir plantation,” Forest Ecology & Management 449,
article ID 117476. DOI: 10.1016/j.foreco.2019.117476

Yashiro, Y., Kadir, W. R., Okuda, T., and Koizumi, H. (2008). “The effects of logging on
soil greenhouse gas (COz2, CH4, N20) flux in a tropical rain forest, Peninsular
Malaysia,” Agricultural and Forest Meteorology 148(5), 799-806. DOI:
10.1016/j.agrformet.2008.01.010

Zhou, L., Zhou, X., Shao, J., Nie, Y., He, Y., Jiang, L., Wu, Z. T., and Hosseini Bai, S.
(2016). “Interactive effects of global change factors on soil respiration and its
components: A meta-analysis,” Global Change Biology 22, 3157-3169. DOI:
10.1111/gcb.13253

Article submitted: October 31, 2024; Peer review completed: December 28, 2024,
Revised version received: January 5, 2025; Accepted: January 6, 2025; Published:
January 15, 2025.

DOI: 10.15376/biores.20.1.2038-2055

Geng et al. (2025). “Timber harvest & soil respiration,” BioResources 20(1), 2038-2055. 2055


https://doi.org/10.1111/gcb.15522
https://doi.org/10.1111/gcb.15522

